We evaluated the analytical, work flow, and clinical performance of the Versant CT/GC DNA 1.0 assay (Versant CT/GC assay, where "CT" represents Chlamydia trachomatis and "GC" represents Neisseria gonorrhoeae). The assay simultaneously detects Chlamydia trachomatis and Neisseria gonorrhoeae in swab and first-catch urine (FCU) specimens. The limit of detection (LoD) was determined to be 342 copies/ml for C. trachomatis and 137 copies/ml for GC. The Versant CT/GC assay detected 15 C. trachomatis serovars and 46 GC strains. The Versant CT/GC assay demonstrated no cross-reactivity with 136 potentially cross-reacting organisms. Clinical concordance of the Versant CT/GC assay to the Aptima Combo 2 (AC2) assay from Gen-Probe was demonstrated using 1,129 patient specimens, including 589 urine and 540 swab specimens. Discrepant specimens were subjected to DNA sequencing to identify the presence of amplified targets and to identify false-positive and false-negative results. Overall percent agreement was greater than 98%. Positive and negative percent agreements for detection of C. trachomatis were 94.4% and 99.1%, respectively, in urine specimens and 95.8% and 99.8%, respectively, in swab specimens. Positive percent agreement for the detection of N. gonorrhoeae was 100% in both urine and swab specimens, and negative percent agreements were 99.6% and 99% in urine and swab specimens, respectively. In conclusion, the performance of the Versant CT/GC assay was comparable to that of the AC2 assay. The Versant CT/GC assay can be recommended for the detection of C. trachomatis and N. gonorrhoeae in swab and urine specimens of symptomatic and asymptomatic individuals.
Chlamydia trachomatis and Neisseria gonorrhoeae infections are the two most common sexually transmitted diseases (STDs) in the United States, with annual direct and indirect costs exceeding $2.4 billion and $1 billion, respectively (12) . In 2008, 1,210,523 chlamydia cases (401.3 per 100,000 population) and 336,742 gonorrhea cases (111.6 per 100,000 population) were reported to the Centers for Disease Control and Prevention (CDC) (3) . Most women and men with chlamydial infection and many women with gonorrheal infection do not have symptoms that would prompt them to seek medical care (11, 15) . Therefore, most infections remain undiagnosed and untreated, increasing the risk of substantial morbidity and economic cost (2, 8, 17, 18) . Thus, to identify and treat infected individuals and their partners and to reduce this high disease incidence and economic burden, a rapid, accurate, reliable, and cost-effective diagnostic test for both infections is needed (14) .
Diagnostic test manufacturers have developed new-generation nucleic acid amplification tests (NAATs) that have been shown to give superior performance to culture, direct fluorescent-antibody assay, and enzyme immunoassays (4, 7, 9, 10, 16) . In this study, we describe the analytical, work flow, and clinical performance of the new Versant CT/GC DNA 1.0 assay (Versant CT/GC assay, where "CT" represents Chlamydia trachomatis and "GC" represents Neisseria gonorrhoeae) on the fully integrated Versant kinetic PCR (kPCR) molecular system. The Versant CT/GC DNA 1.0 assay (kPCR) and Versant urine transport kit (UTK) are CE marked and are not commercially available in the United States. The clinical performance of the Versant CT/GC assay is compared to that of the Aptima Combo 2 (AC2) assay from Gen-Probe for the detection of C. trachomatis and N. gonorrhoeae infections in both female and male first-catch urine (FCU) and swab specimens.
MATERIALS AND METHODS
The Versant kPCR molecular system consists of a sample preparation (SP) module designed for automated sample preparation and an amplification/detection (AD) module designed for real-time (or kinetic) PCR and detection. The Versant CT/GC assay is run on the Versant kPCR molecular system. Sample preparation. A new nucleic acid extraction and purification procedure was developed using Siemens' proprietary, highly uniform magnetic silica beads. The sample preparation step is fully automated on the Versant sample preparation module. For sample preparation, proteinase K and a chaotropic lysis buffer were added to 0.25 ml of swab transport medium or urine specimen to inactivate DNases and to lyse bacterial particles. Following bacterial lysis, magnetic silica beads and the internal control (IC) were added to the mixture, and released C. trachomatis/N. gonorrhoeae DNAs and other nucleic acids were captured by the magnetic silica beads. The mixture was incubated at 62°C for 15 min. The magnetic silica beads with captured DNA were washed by a series of wash steps (850 l in wash I, 450 l in wash II, and 450 l in wash III) to remove any remaining sample components. Purified DNA was eluted in 100 l of elution buffer and incubated at 74°C for 10 min. Finally, 25 l of purified DNA was automatically eluted and added to a 96-well PCR plate containing 25 l of the CT/GC primer-probe mix and enzyme mix provided in the Versant CT/GC DNA 1.0 assay (kPCR).
Real-time PCR amplification and detection. Chlamydia trachomatis-specific PCR primers and probe were designed to target the GenBank nucleic acid sequence of the 7.5-kb C. trachomatis cryptic plasmid. The C. trachomatis probe was labeled with 6-carboxyfluorescein (FAM) at the 5Ј end and Black Hole Quencher at the 3Ј end; this primer-probe set also detects the new variant Chlamydia trachomatis that has a 377-bp deletion in the cryptic plasmid. Neisseria gonorrhoeae-specific PCR primers and probe were designed to target the nucleic acid sequence of the 7 to 8 copies of pivNG gene loci of N. gonorrhoeae. The N. gonorrhoeae probe was labeled with Cy5 at the 5Ј end and Black Hole Quencher at the 3Ј end. The IC fragment is a 195-bp double-stranded DNA (dsDNA) fragment derived from Methanobacterium thermoautrophicum; the IC probe was labeled with hexachloro-6-carboxy-fluorescein (HEX) at the 5Ј end and Black Hole Quencher at the 3Ј end. The Versant amplification and detection module automatically performs the amplification and detection steps in a single, sealed reaction well using a master mix containing 4.5 units of Taq DNA polymerase, 60 to 90 nM oligonucleotide primers and probes, 10ϫ PCR buffer, 0.4 to 0.8 mM deoxynucleoside triphosphates (dNTPs), reference dye (carboxy-X-rhodamine [ROX]), MgCl 2 , and 0.75 units of AmpErase uracil N-glycosylase (UNG). The PCR thermocycling condition is as follows: after 10 min at 50°C for UNG activation and 15 min at 95°C for Taq activation, 40 PCR cycles of 15 s at 95°C and 1 min at 62°C.
Assay amplification profiles and reference standard curves. C. trachomatis and N. gonorrhoeae reference standards, consisting of a 1.6-kb C. trachomatis dsDNA fragment and a 1.0-kb N. gonorrhoeae dsDNA fragment, were prepared using plasmid clones containing a region of sequences targeted by this assay. Each C. trachomatis and N. gonorrhoeae reference standard stock was evaluated by two independent, validated analytical methods: an assay for the A 260 and phosphate assay. The nominal concentration of the reference standard was determined from its phosphate content using U.S. National Institute of Standards and Technology phosphate standard reference materials. Diluted C. trachomatis and N. gonorrhoeae reference standards were processed and tested using the same extraction and Versant CT/GC assay methods used for the test samples. A linear regression (mean threshold cycle [C T ] values versus the nominal concentration of the standards) supplied the slope and intercept values for quantification of samples based on C T values. Sample preparation (SP) recovery was also accessed by testing both C. trachomatis and N. gonorrhoeae reference standard curves with (and without) the SP step.
Analytical sensitivity. (i) LoD. The limit of detection (LoD) of the assay was determined by testing assay sensitivity panels prepared using heated-inactivated C. trachomatis (lymphogranuloma venereum II, strain 434) and N. gonorrhoeae (ATCC 19424) cells diluted in Micro Test M4RT (Remel, Lenexa, KS) or a negative urine pool containing preservative. Initial cell stock concentrations were determined using C. trachomatis or N. gonorrhoeae reference standards. The assay LoD was determined to be the lowest concentration of analyte that was detected greater than or equal to 95% of the time, using a statistical logistic regression model, on the basis of the hit rate at each level of the panel. The panels were tested using three different lots of reagents on three Versant kPCR molecular systems.
(ii) C. trachomatis serovar and N. gonorrhoeae isolate detection. C. trachomatis serovar panels were used to assess the ability of the assay to detect the most prevalent C. trachomatis serotypes. These panels were prepared by diluting 15 heat-inactivated C. trachomatis serovars to concentrations ranging from 0.0067 to 0.67 inclusion-forming units (IFU) per assay in tryptic soy broth (TSB) buffer. N. gonorrhoeae isolate panels were prepared by diluting extracted genomic DNAs of 46 different N. gonorrhoeae strains into Tris-EDTA (TE) buffer to 50, 25, 10, and 1 copy per PCR reaction. The assay sensitivity for each serovar or isolate was determined on the basis of a 100% hit rate in triplicate at the lowest level tested.
Analytical specificity. The Versant CT/GC assay was also challenged with 137 potentially cross-reactive organisms in M4RT (or TE buffer) at 1.0 ϫ 10 6 cells per assay or 2.0 ϫ 10 5 copies of genomic DNA per assay for all organisms except Chlamydia pneumoniae and Chlamydia psittaci, both of which were tested at 1.0 ϫ 10 5 IFU per assay. The organisms listed in Table 1 are typical of organisms potentially found in urogenital sites that C. trachomatis/N. gonorrhoeae NAAT manufacturers use to challenge NAATs for cross-reactivity and to determine analytical specificity.
Assay work flow study. An assay work flow study was conducted using a batch size of 96 (94 samples plus 2 external controls) on the Versant kPCR molecular system. Operator hands-on time as well as time for completion of SP and AD modules was measured.
Clinical performance with prospectively collected specimens and comparison with AC2 assay. Male FCU (n ϭ 312), female FCU (n ϭ 277), male urethral swab (n ϭ 280), and female endocervical swab (n ϭ 260) specimens were prospectively collected from symptomatic and asymptomatic patients attending two Los Angeles County Department of Public Health STD clinics in Los Angeles, CA. Specimens were collected by use of the Siemens Versant UTK and the M4RT combo collection kit. The Siemens UTK contains 400 l of urine preservative buffer in order to stabilize the DNA in urine. Also, urine and swab samples from the same individual were collected using Gen-Probe Aptima urine and swab collection kits, according to their respective manufacturer's package insert instructions.
All specimens were tested for C. trachomatis and N. gonorrhoeae with the AC2 assay at the Los Angeles County Department of Public Health Laboratory and with the Versant CT/GC assay at the Siemens Healthcare Diagnostics facility in Berkeley, CA. The AC2 assay was used as a comparative method because of its high sensitivity and specificity as well as its ability to simultaneously detect both C. trachomatis and N. gonorrhoeae in a single specimen. Test results from the two assays were compared. Percent concordance of the Versant CT/GC assay compared to the AC2 assay was determined.
Discrepant specimen resolution. Specimens that tested positive by the Versant CT/GC assay and the AC2 assay were considered consensus positive for C. trachomatis and/or N. gonorrhoeae. Similarly, specimens that tested negative by both assays were considered consensus negative. Positive percent agreement (PPA) and negative percent agreement (NPA) of the two assays, along with their 95% confidence intervals (CIs), were then calculated (5, 6) .
Specimens that showed discrepant results compared to the AC2 assay results were retested by the Versant assay. If the retested Versant assay results became concordant with the AC2 assay results, the specimen was not sequenced. Clinical samples that remained discrepant were purified using a Qiagen QIAamp MinElute kit. Purified DNA from these discrepant samples was then subjected to touchdown PCR with primers flanking the target amplification region of the C. trachomatis cryptic plasmid. PCR products from samples that produced no band were subjected to a second round of PCR. Conditions for touchdown PCR were as follows: initial 95°C for 10 min, a touchdown phase of 10 cycles of 94°C for 30 s and 67°C for 45 s with a 0.5°C decrease in temperature per cycle, followed by 72°C for 1 min and a normal amplification phase of 39 cycles of 94°C for 30 s and 62°C for 45 s and then 72°C for 1 min and a final extension step of 72°C for 10 min. PCR products and those that produced a band were purified and subjected to sequencing analysis with a primer specific to the C. trachomatis cryptic plasmid.
RESULTS
Amplification profiles and reference standard curves. The slopes of the standard curves (range, Ϫ3.315 to Ϫ3.455) were nearly identical to the expected slope (Ϫ3.3) for 100% efficiency of PCR amplification (Fig. 1) . Comparable sample preparation recovery rates were 80% to 100% for both 1.6-kb C. trachomatis and 1.0-kb N. gonorrhoeae dsDNA (data not shown).
Analytical sensitivity. Using logistical regression, LoDs were determined to be 342 copies/ml for C. trachomatis and 137 copies/ml for N. gonorrhoeae. Assay sensitivity for all 15 C. trachomatis serovars ranged from 0.067 to 1 IFU per assay. Assay sensitivity for genomic DNA of all 46 N. gonorrhoeae isolates ranged from 1 to 50 copies per assay.
Analytical specificity. The Versant CT/GC assay demonstrated no cross-reactivity with the 136 potentially cross-reacting organisms that were tested (Table 1 ). However, five N. cinerea strains have been tested, including one ATCC strain (ATCC 14685), three Siemens in-house strains, and one Quality Control for Molecular Diagnostics (QCMD; 2010, Glasgow, Scotland) strain (QCMD NG10-02). Only one N. cinerea strain from QCMD presented a positive result, at 1e5 cells/ml. All of the other four N. cinerea strains gave negative results when they were tested at 1e7 cells/ml.
Work flow. The work flow of the Versant CT/GC assay is shown in Fig. 2 . The total time to obtain results was about 5.5 h for a batch size of 94 urine specimens. On average, a run required 40 min of hands-on reagent setup and specimen loading, followed by 3 h of automated SP processing time in the SP module. After the amplification plate was sealed, the plate was transferred to the AD module (5 min). This was followed by 1.75 h for a fully automated amplification and detection step. As shown in Fig. 2b , while a first batch of specimens was run in the AD module, a second batch of specimens was started on the Versant SP module, thus enabling a total of 188 specimens (94 specimens per run) to be analyzed and reported in a 9-hour shift. In addition, a third batch of specimens was left in the Versant AD module at the end of a shift, and postassay data review was completed on the following day. The total time to obtain results was less than 6 h for a batch size of 94 M4RT swab specimens (work flow details not shown).
Clinical comparison with AC2 assay.
A total of 589 FCU and 540 swab specimens were prospectively collected and tested with the Versant CT/GC assay and the AC2 assay. The clinical presentation of the study patients, which includes their symptomatic status by specimen type and their test results from the Versant CT/GC assay, is presented in Table 2 . The prevalence rates of C. trachomatis in FCU specimens of symptomatic and asymptomatic patients were 7.3% and 10.3%, respectively, and those in swab specimens were 6.6% and 10.9%, respectively ( Table 2 ). The prevalence rates of N. gonorrhoeae of symptomatic and asymptomatic patients were 7.3% and 0.9%, respectively, in FCU specimens and 8.1% and 0.9%, respectively, in swab specimens (Table 2) . On the basis of initial results from both assays, the Versant CT/GC assay was comparable to the AC2 assay with over 98% overall agreement. Among the 86 Versant CT/GC assay-positive FCU specimens, 56 were positive for C. trachomatis and 30 were positive for N.
gonorrhoeae, and among the 82 AC2 assay-positive urine specimens, 54 were positive for C. trachomatis and 28 were positive for N. gonorrhoeae (Table 3 ). Positive and negative percent agreements between the Versant CT/GC assay and the AC2 assay for detection of C. trachomatis in FCU specimens were 94.4% (95% CI, 84.9% to 98.1%) and 99.1% (95% CI, 97.8% to 99.6%), respectively, with an overall agreement of 98.6% (Table 3) . For the detection of N. gonorrhoeae in FCU specimens, positive and negative percent agreements between the two assays were 100% (95% CI, 87.9% to 100%) and 99.6% (95% CI, 98.7% to 99.9%), respectively, with an overall agreement of 99.7% (Table 3) . Among the 80 Versant CT/GC assay-positive swab specimens, 47 were positive for C. trachomatis and 33 were positive for N. gonorrhoeae; among the 76 AC2 assay-positive swab specimens, 48 were positive for C. trachomatis and 28 were positive for N. gonorrhoeae (Table 3 ). For detection of C. trachomatis in swab specimens, positive and negative percent agreements between the two assays were 95.8% (95% CI, 86.0% to 98.9%) and 99.8% (95% CI, 98.9% to 100%), respectively, with an overall agreement of 99.4% (Table 3) . For detection of N. gonorrhoeae in swab specimens, positive and negative percent agreements between the two assays were 100% (95% CI, 87.9% to 100%) and 99.0% (95% CI, 97.7% to 99.6%), respectively, with an overall agreement of 99.1% (Table 3) . Table 3 indicates that there are 8 initial discrepant C. trachomatis urine results by adding two numbers diagonally. Similarly, there are 3 initial discrepant C. trachomatis swab results, 2 initial discrepant N. gonorrhoeae urine results, and 5 initial discrepant N. gonorrhoeae swab results. A total of five samples FIG. 3 . Touchdown PCR analysis of samples that yielded discrepant results in the Versant CT/GC assay and Gen-Probe AC2 assay. A total of five samples persistently yielded discrepant results in both the Versant CT/GC assay and Gen-Probe AC2 assay, even after they were retested. All five samples were discrepant in C. trachomatis detection. DNA from these clinical samples was extracted and subjected to touchdown PCR analysis with primers specific to the C. trachomatis cryptic plasmid. Lane 1, negative control (NTC); lane 2, C. trachomatis-positive control (PC); lanes 3 to 7, discrepant samples (D1 to D5). a All positive and negative percent agreements were calculated using the Aptima assay as a reference. Indeterminate results (IND) from the Aptima Combo 2 assay were excluded from the analysis. Assay-positive and -negative results were calculated on the basis of the assay initial results. PPA, positive percent agreement; NPA, negative percent agreement; OPA, overall percent agreement.
remained discrepant after they were retested; all five samples were discrepant in C. trachomatis detection. Touchdown PCR amplification results for these samples (D1 to D5) are shown in Fig. 3 . PCR products from samples that produced no band (D1) when they were subjected to a second round of touchdown PCR testing remained negative (Fig. 3) . When the PCR products of D2, D3, D4, and D5 were purified and subjected to sequencing analysis with the primer specific to the C. trachomatis cryptic plasmid, it was demonstrated that the sequence of these PCR products matched that of the C. trachomatis cryptic plasmid (data not shown).
DNA copy numbers of the C. trachomatis and N. gonorrhoeae targets in clinical samples were determined with C. trachomatis and N. gonorrhoeae reference standards (Fig. 4) . Geometric means are indicated by horizontal bars. The 95% quantiles of the DNA copy numbers in the C. trachomatispositive clinical samples are 8.33 ϫ 10 5 copies/ml for urine samples and 5.50 ϫ 10 6 copies/ml for swab samples. The 95% quantiles of the DNA copy numbers in the N. gonorrhoeaepositive clinical samples are 2.78 ϫ 10 7 copies/ml for urine samples and 2.99 ϫ 10 7 copies/ml for swab samples.
DISCUSSION
Results of this study demonstrate that the clinical performance of the Versant CT/GC assay in detecting C. trachomatis and N. gonorrhoeae targets in a single endocervical or urethral swab specimen or in an FCU specimen has excellent agreement with that of the Gen-Probe AC2 assay. Overall agreements between the Versant CT/GC assay and AC2 assay for detection of C. trachomatis in urine and swab specimens were 98.6% and 99.4%, respectively; for detection of N. gonorrhoeae in urine and swab specimens, they were 99.7% and 99.1%, respectively. The rates of positive agreement between the two assays were over 94% and 100% for detection of C. trachomatis and N. gonorrhoeae, respectively, with the rate of negative agreement being over 99% for both C. trachomatis and N. gonorrhoeae.
In this study, only five specimens (0.44%) remained discrepant after retesting, and all were discrepant in C. trachomatis detection. Sequencing analysis of the five C. trachomatis discrepant samples determined that three were Versant CT/GC assay false negative, one was AC2 assay false negative, and one was AC2 assay false positive.
Analytical performance studies demonstrate that the Versant CT/GC assay detects C. trachomatis in the range of 0.067 to 1 IFU per assay and N. gonorrhoeae in the range of 1 to 50 copies per assay. The C. trachomatis cryptic plasmid is present in all C. trachomatis serovars at 7 to 10 copies per elementary body of C. trachomatis (13) . The N. gonorrhoeae assay targets the multiple-copy pivNG gene locus of N. gonorrhoeae, and studies (1) have shown that approximately 8 copies of the pivNG gene are found in the N. gonorrhoeae genome.
In a method comparison study, of 79 positive FCU specimens and 74 positive swab specimens, the lowest DNA copy number is 93 copies/ml (equivalent to 6 copies per assay) in C. trachomatis FCU specimens (data not shown), which were detected by the Versant CT/GC assay. Using Siemens proprietary magnetic silica beads, nonspecific nucleic acids (total RNAs and DNAs) were captured in an extremely efficient manner, and recoveries of 80 to 100% efficiency were achieved. This method does not rely on a centrifugation step to concentrate elementary bodies before elution and includes nucleic acid isolation prior to amplification, which leads to better assay sensitivity. The Versant CT/GC assay's analytical specificity was challenged against a battery of 136 potential cross-reacting organisms, and no Versant CT/GC assay false-positive reactions due to cross-reactivity were seen in this clinical study.
C. trachomatis/N. gonorrhoeae NAATs that employ nucleic acid isolation prior to amplification have consistently been shown to be the most sensitive. Since these assays are in fact very similar in sensitivity and specificity, there are other assay features that should be considered important factors in selecting the best C. trachomatis/N. gonorrhoeae NAAT. One such factor has to do with the economics related to throughput and time to results for all laboratories, whether they are high-, medium-, or low-volume testing laboratories. The Versant CT/GC assay's time to results of 5.5 to 6 h allows the processing of large numbers of specimens in a relatively short period of time. Literally hundreds of specimens can be processed weekly with a single, small-footprint Versant kPCR molecular system, leading to a 5-day-a-week run plan that can produce results from nearly 25,000 specimens annually. For laboratories receiving larger numbers of specimens, two runs per 9-hour shift can be accommodated, a scenario that would increase throughput to 188 specimens per day or nearly 50,000 specimens annually.
The Versant CT/GC assay can be recommended for use with urine and swab specimens as a screening test for either symptomatic or asymptomatic men and women. This new assay provides clinicians and laboratories with one of the necessary tools to significantly reduce the prevalence and incidence of C. trachomatis and N. gonorrhoeae infections in sexually active men and women, as well as prevent their costly and serious sequelae.
In conclusion, this study demonstrates the excellent performance of the Versant CT/GC assay for detecting C. trachomatis and N. gonorrhoeae in both FCU and swab specimens when it was compared to the Gen-Probe AC2 assay. The Versant CT/GC assay offers a rapid, accurate, and reliable alternative for detecting C. trachomatis and N. gonorrhoeae targets in a single endocervical or urethral swab and in male and female urine specimens. Its ability to simultaneously detect C. trachomatis and N. gonorrhoeae in a single swab and in FCU specimens with no cross-interference recommend the Versant CT/GC assay for use in large-scale screening programs.
